56
One extrinsic factor that has been shown to directly influence metabolic rate of fish is 57 exposure to toxic contaminants. Exposure to metals, pesticides, polycyclic aromatic while also minimizing vibration and noise.
160
To obtain reliable estimates of oxygen consumption rate, three sizes of respirometry 161 chambers were used in the study. A large sized chamber (volume = 2924 mL) was used for Mills Inc.). Bullheads were not fed pellet rations when pond temperature fell below 8˚C.
228
Basic water quality conditions were periodically assessed within each of the ponds to 229 ensure dissolved O2, pH, and temperature were within acceptable ranges for the health of the fish 230 and to ensure that water quality between the ponds remained within similar ranges. Basic water 231 quality parameters were measured in situ using a Hydrolab Surveyor 3/ Reporter multiparameter 232 water quality logging system.
233
The removal of these fish from their original sources of contaminant exposure (i.e. The study 2 fish residing in the two treatment ponds spawned naturally during the spring (water temperature of 23ºC) used for holding fish in Study 1 and 2 during SMR measurements.
257
The low numbers of F1 fish retrieved from the ponds were not a result of low survivorship but a 258 result of other projects making use of these F1 fish for other research trials. The SMR 259 measurements of individual fish followed the same protocol as described for the previous Study 
Data Analysis

264
Prior to analysis, assumptions of data normality and heteroscedacitity were tested using Shapiro-
265
Wilk normality test and Levene's Test for homogeneity of variance. Non-normal data were log 
RESULTS
298
Bullhead mortalities soon after the transfer to the outdoor mesocosms were observed in being lost after longer holding periods is not known.
357
The two acute collection locations were chosen to represent gradients in river with the present study. The data from the above study is presented in Table 1 concentrations that were 50% and 30% lower than acute and cleared fish, respectively (Table 1) .
380
Thus, the somewhat higher SMRSS of F1 fish relative to cleared fish is not likely a result of PCBs 381 levels in F1's.
382
In general, the between population differences in SMRSS observed for acute and cleared 
437
Support for this non-adaptive response argument from the present research was that the 438 population differences in SMRSS were found to be lost in Study 3 which involved rearing F1
439
offspring from TC and PI populations in a common environment. To our knowledge this is the 440 first study to investigate the change in standard metabolic rates of fish populations following 441 21 acclimation to a common environment and in F1 offspring generated from the two populations.
442
This enables rejection of the hypothesis that the population differences measured in SMRSS 443 generated in study 1 and 2 reflect a local adaptation of fish from the two collection regions. or other maternal factors) as a potential modifier of SMR in the study system.
451
The results of this investigation demonstrate that fish from contaminated environments in interactions responsible for population differences in bullhead SMRs cannot be directly 465 identified.
466
Given that the location differences in SMR are not inherited attributes, and assuming the 467 observed within and between population effects are potentially additive, the scope for variation 
